Purpose: The plant Synedrella nodiflora (L) Gaertn is traditionally used by some Ghanaian communities to treat epilepsy. To determine if this use has merit, we studied the anticonvulsant and other neuropharmacological effects of a hydro-ethanolic extract of the whole plant using murine models. Materials and Methods: The anticonvulsant effect of the extract (10-1000 mg/kg) was tested on the pentylenetetrazole-, picrotoxin-, and pilocarpine-induced seizure models and PTZ-kindling in mice/rats. The effect of the extract was also tested on motor coordination using the rota-rod. Results: The results obtained revealed that the extract possesses anticonvulsant effects in all the experimental models of seizures tested as it significantly reduced the latencies to myoclonic jerks and seizures as well as seizure duration and the percentage severity. The extract was also found to cause motor incoordination at the higher dose of 1000 mg/kg. Conclusions: In summary, the hydro-ethanolic extract of the whole plant of S. nodiflora possesses anticonvulsant effects, possibly through an interaction with GABAergic transmission and antioxidant mechanisms and muscle relaxant effects. These findings thus provide scientific evidence in support of the traditional use of the plant in the management of epilepsy.
pilepsy is a neurological disorder characterized by recurrent seizures, which are sudden, unprovoked, and transitory episodes of abnormal hypersynchronous neuronal discharge. It is estimated that more than 50 million people worldwide are epileptic (1-2% of the world's population), out of whom 40 million are believed to be living in the developing countries. [1] The currently available antiepileptic drugs have several limitations as they provide only symptomatic relief and their use is often plagued by significant adverse effects such as rash, blood dyscrasias, vitamin K and folate deficiencies, loss of libido, hormonal dysfunction, and bone marrow hypoplasia and fetal abnormalities such cleft palate, cleft lip, congenital heart disease, slowed growth rate, and mental deficiency. Moreover, a significant proportion of patients (up to 40%) do not respond to these agents and this proportion is quite high in the developing countries. [2, 3] Additionally, the high cost of newer and more effective antiepileptic drugs have led to a greater proportion of patients in Ghana and possibly other third world countries, resorting to the use of traditional medicine. There is therefore a universal and local need for continued research into the development of newer and cost effective agents for the management of this disorder. [4] [5] [6] Plant sources of drugs dominate therapy in the developing countries and have often served as an effective means of getting lead compounds, from which newer and effective drugs can be developed.
Synedrella nodiflora (L.) Gaertn. (family: Asteraceae) is an annual herb that grows to about 60-120 cm high. It is a native tropical American weed, but now dispersed pan-tropically and occurring throughout the West African region. In Ghana, the foliage is eaten by livestock, whereas in Indonesia, the foliage is eaten as a vegetable by some indigenous tribes. The plant has also been extensively used in Nigeria for cardiac problems, wound healing, and to stop bleeding. [7] In Malaysia and Indonesia, it has been used for the treatment of headaches, earaches, stomachaches, and as a liniment for rheumatism. [8] In traditional Ghanaian medicine, the whole plant is boiled and the aqueous extract drunk as required for the treatment of epilepsy. The leaves are used for the treatment of hiccup and threatened abortion. [9] The whole plant extract has been reported to possess potent anti-inflammatory activity [10] and central analgesic effects. [11] We have also demonstrated in our laboratory that the hydroethanolic extract of the whole plant possess antinociceptive effects possibly mediated via adenosinergic mechanisms. [12] To date there is little scientific evidence to support the traditional use of S. nodiflora in the treatment of epilepsy and the possible mechanisms involved. This study tested the general hypothesis that the plant S. nodiflora has anticonvulsant activity. We undertook to systematically evaluate the actions of an extract of S. nodiflora on chemically induced seizures and muscle tone in rodents. The hydro-ethanolic whole plant extract, similar to that traditionally used, was used in this study.
Materials and Methods

Plant collection
The whole plant of S. nodiflora was obtained from the Botanical Gardens, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana, in August 2007 and authenticated by the Department of Pharmacognosy, KNUST. A specimen voucher, FP/08/025, has been kept at the Faculty of Pharmacy Herbarium.
Preparation of extract
Samples of S. nodiflora were collected and air-dried for 7 days and powdered. Two kilograms of the powder was cold-macerated with 70% v/v of ethanol. The hydro-ethanolic extract was then evaporated to a syrupy mass under reduced pressure, air-dried, and kept in a dessicator. A 7% w/w yield was obtained. This is subsequently referred to as the extract or SNE.
Drugs and chemicals
Pentylenetetrazole (PTZ), picrotoxin (PIC), pilocarpine (PILO), n-butyl-bromide hyoscine, phenobarbitone sodium, and baclofen were purchased from Sigma-Aldrich Inc., St. Louis, MO, USA, while diazepam was obtained from Pharm-Inter, Brussels, Belgium.
Phytochemical analysis
The extract of S. nodiflora was screened for the presence of alkaloids, reducing sugars, glycosides, saponins, and tannins as described by Trease and colleagues. [13] 
PTZ-induced seizures
The anticonvulsant testing method as described by Vellucci and colleagues was used with modifications. [14] In brief, clonic seizures were induced in drug/vehicle pretreated male Sprague-Dawley rats (150-200 g) by a subcutaneous injection of 75 mg/kg PTZ into the loose skin fold on the back of the neck of the rats. The animals were pretreated with SNE (100-1000 mg/kg, p.o.) or phenobarbitone sodium (3-30 mg/kg i.p.) 30 minutes before the injection of PTZ. The control animals received 0.9% saline solution orally (0.01 ml/kg). After the PTZ injection, the animals were placed in a testing chamber (made of perspex of dimensions 15 cm×15 cm× 15 cm). A mirror angled at 45° below the floor of the chamber allowed a complete view of the convulsive event of PTZ. The behavior of the animals was captured with a camcorder (Everio TM model GZ-MG 130U, JVC, Tokyo, Japan) placed directly opposite to the mirror. The latencies to myoclonic jerks and clonic seizures and the duration of seizures were scored from the video recordings with the aid of the public domain software JWatcher TM Version 1.0 (University of California, Los Angeles, USA, and Macquarie University, Sydney, Australia; available at http://www.jwatcher. ulca.edu/). The ED 50 (a measure of anticonvulsant potency) of the extract and the reference anticonvulsants were calculated from the dose-response curves of the percent seizure inhibition by the drug/extract to the vehicle-treated group. The ability of a drug/ extract to prevent the seizures or delay/prolong the latency or onset of the tonic hind-limb extensions was considered as indications of anticonvulsant activity.
PIC-induced seizures
In brief, clonic-tonic seizures were induced in drug or vehicle pretreated male ICR mice (20-30 g ) by an i.p. injection of 10 mg/kg PIC. The animals were pretreated with SNE (100-1000 mg/kg, p.o.) or phenobarbitone sodium (3-30 mg/kg, i.p.) 30 minutes before the injection of PIC. The control animals received 0.9% saline solution orally (0.01 ml/kg). After the PIC injection, animals were placed in the testing chamber and a video recording of the event was made as described for the PTZ experiment. The latencies to myoclonic jerks and clonictonic seizures and the duration and frequency of the seizures were scored from the video recordings as described above. The ED 50 of the extract and diazepam was calculated as described in the PTZ test.
PILO-induced seizures
In this experiment, seizures were induced by an i.p. injection of PILO (350 mg/kg) into drug or vehicle-treated male rats. Rats were pretreated with SNE (100-1000 mg/kg p.o.) or diazepam (1-10 mg/kg i.p.) for 30 or 15 minutes, respectively, before PILO injection. To reduce peripheral autonomic effects produced by PILO, the animals were pretreated with n-butyl-bromide hyoscine (1 mg/kg i.p. 30 minutes before PILO administration). After the injection of the PILO, the animals were placed separately into the transparent plexiglass testing chamber and video recordings made as described in the PTZ experiments. The latency to and duration of seizures were scored from the video recordings as previously described. The ED 50 of the extract was calculated as described in the PTZ test.
PTZ -induced kindling
To induce kindling, a 35 mg/kg dose of PTZ was injected i.p. into SNE-, diazepam-, or vehicle-treated male Sprague-Dawley rats (200-300 g) every 48 h for 32 days. After each PTZ injection, the rats were placed in the testing chamber and recorded as in the PTZ experiments described above. Seizure intensities were classified according to the Racine score [15] Each rat was considered fully kindled after showing stage 4 or 5 on two consecutive PTZ administrations. Seven days after kindling had been achieved, the rats were challenged with 35 mg/kg of PTZ, and the entire event was also recorded. The ED 50 of the extract was calculated as described in the PTZ test.
Rota-rod test
The effect of SNE on motor coordination was measured using Rotamex-4/8 (Columbus Instrument, USA). During the test, Balb/c mice were selected and screened primarily at 12 rpm for four consecutive times (an hour interval) for a day. On day 2, the speed was increased to 24 rpm and mice that could stay on the rotating rod for 600 s were selected and grouped into six: three dose levels of SNE (10-1000 mg/kg, p.o.), two for baclofen (1 and 10 mg/kg, i.p.), and one as vehicle-treated. The mice, in their various groups, were trained for four consecutive days with four training sessions (at 1 h interval) per day. On the day of the experiment, each mouse was given a drug-free rotation and 30 minutes later treated with SNE, baclofen, or vehicle and tested at every 30 minutes for 2.5 h. The latency to fall was recorded as the time spent on the rotating rod. The ED 50 of the extract was calculated from the concentration-response curves.
Lipid peroxidative assay in PTZ-kindled rat brain homogenates
This test was done to assess the role of lipid peroxidation in PTZ-induced kindling and a possible beneficial role of SNE which has demonstrated in vitro antioxidant properties. On the day after the 35 mg/kg PTZ challenge, the kindled rats were sacrificed by decapitation and the forebrain dissected out and homogenized (100 mg/ml) in ice-cold 0.1 M phosphate buffer (pH 7.4) with Ultra-Turrax T 25 homogenizer (IKA Labortehnic, Staufen, Germany). Brain homogenate (2.5 ml) was mixed with 1 ml phosphate buffer and the mixture was then incubated in an orbital shaker incubator (BoroLabs, Aldermaston Berkshire, EC) at 37°C for 1 h.
To assay for thiobarbituric acid reactive substances, 0.1 ml of the incubated reaction mixture was placed in a test tube containing 1.5 ml of 10% trichloroacetic acid and allowed to stand for 10 minutes. Then the tubes were centrifuged at 2200 g for 10 minutes. The supernatant was separated and mixed in a tube containing 1.5 ml of 0.67% thiobarbituric acid in 20% acetic acid. The mixture was heated in a hot water bath at 85°C for 1 h to complete the reaction and allowed to cool. The intensity of the pink-colored complex formed was measured at 535 nm in a spectrophotometer (Cecil CE 7200 spectrophotometer, Cecil Instrument Limited, Milton Technical Centre, UK). In this test, absorbance decreases with increasing ability to inhibit lipid peroxidation. Phosphate buffer was used as a blank throughout the experiment.
The percentage inhibition of lipid peroxidation was calculated and presented as % inhibition of lipid peroxidation against concentration and the EC 50 for each drug determined.
Data analysis
The ED 50 (dose responsible for 50% of the maximal effect) and inhibitory effects of drugs were analyzed by using an iterative computer least squares method, GraphPad Prism for Windows version 5.0 (GraphPad Software, San Diego, CA, USA) with the following nonlinear regression (four-parameter logistic equation).
Y a a b
Log ED X Hill Slope
where X is the logarithm of concentration and Y is the response and starts at a and goes to b with a sigmoid shape.
The fitted midpoints (ED 50 s) of the curves were compared statistically using F test. [16, 17] GraphPad Prism Version 5.0 for Windows (GraphPad Software) was used for all statistical analyses and ED 50 determination. P < 0.05 was considered statistically significant in all analysis. The graphs were plotted using Sigma-Plot for Windows Version 11.0 (Systat Software Inc., Germany).
Results
Phytochemical analysis
Glycosides, saponins, anthracene glycosides, sterols, alkaloids, tannins, and pseudotannins were found to be present in the extract, whereas cyanogenetic and cardiac glycosides were absent. [12] PTZ-induced seizures PTZ induced a sequence of events starting with myoclonic jerks which was then followed by an intense clonic convulsive phase. The extract, SNE, showed significant anticonvulsant effect against seizures induced by PTZ. SNE, dose dependently, increased both the onset time of the myoclonic jerks (F 3,20 = 1.481, P = 0.0250; Figure 1a ) and latency to myoclonic convulsions (F 3,20 = 3.999, P = 0.0230; Figure 1b ) and these effects were significant at the 1000 mg/kg (P < 0.01). However, SNE produced no significant effect on the duration of the seizures (F 3,20 = 1.012, P = 0.4081; Figure 2) . Phenobarbitone, the reference anticonvulsant used, delayed both the onset of myoclonic jerks (F 3,20 = 3.818, P = 0.0259; Figure 1a ) and myoclonic seizures (F 3,20 = 25.85, P < 0.001; Figure 1b) and also reduced the duration of the myoclonic seizures (F 3,20 = 27.04, P < 0.001; Figure 2 ). The anticonvulsant effect of SNE was, however, less when compared with phenobarbitone as shown by the EC 50 values [ Table 1 ].
PIC-induced seizures
As with PTZ, PIC induced tonic-clonic convulsive episodes preceded by myoclonic jerks in mice. The extract showed significant anticonvulsant effect against the seizures induced by PIC. SNE significantly and dose dependently delayed the latencies to myoclonic jerks (F 4,20 = 6.959, P = 0.0011; Figure 3 ) and tonic-clonic seizures (F 4,20 = 7.111, P = 0.0010; Figure 3 ) induced by PIC. SNE, however, dose dependently increased the frequency of convulsions (F 4,20 = 7.562, P = 0.0007; Figure 4 ) but reduced the total duration of seizures significantly Figure 4 ). Similar to SNE, the reference drug, phenobarbitone also significantly and dose dependently delayed the latencies to myoclonic jerks (F 3,16 = 4.593, P = 0.0167; Figure 3 ) and tonic-clonic seizures induced by PIC (F 3,16 = 7.682, P = 0.0021; Figure 3 ). Furthermore, phenobarbitone also dose dependently increased the frequency of convulsions (F 3,16 = 13.20, P = 0.001; Figure 4 ), but this effect was significant only at the 30 mg/kg (P < 0.001), Finally, phenobarbitone dose dependently reduced the duration of seizures (F 3,16 = 6.208, P = 0.0053; Figure 4 ). In comparison to phenobarbitone, the anticonvulsant effect of SNE was less potent as revealed by their EC 50 values [ Table 1 ].
PILO-induced status epilepticus
PILO induced clonic convulsive episodes preceded by myoclonic jerks in rats. Both SNE and diazepam produced no significant effect (SNE, P = 0.6634; diazepam, P = 0.373; Figure 5a ) on the latency to first myoclonic jerks compared with the vehicle treatment. SNE, however, dose dependently reduced the total duration of seizures (F 3,20 = 7.235, P = 0.0018) in mice that were pretreated with it. Diazepam, a drug commonly used in the emergency room to abort status epilepticus (SE), was used as the reference drug and it also dose dependently and significantly reduced the total duration of seizures (F 3,20 = 26.78, P < 0.0001; Figure 5 ) at 3 mg/kg, while 10 mg/kg completely abolished seizure occurrence (P < 0.001; Figure 5b ).
PTZ-induced kindling
In the vehicle-treated group, repeated administration of 35 mg/ kg of PTZ on alternate days caused a gradual increase in the convulsant's responses as scored by the Racine scale. By the 7th day, the score had increased from 0 to 3, reaching a peak severity on the Racine score of 5 by the 15th day which was maintained for the remaining duration (~2 weeks) of the study [ Figure 6 ]. SNE significantly depressed the kindled seizures at all the dose levels tested (F 3,16 =11.48, P = 0.0003; Figure 6 ) and none of the animals in these treatment groups achieved seizure score 5, even after 16 injections of PTZ (35 mg/kg, days [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The percent severity of seizures (calculated from the AUC) shows that SNE attenuated PTZ kindled seizure activity by reducing the 5 score on the Racine scale by between 50% and 70% (i.e., between 100 and 1000 mg/kg). Diazepam also produced a significant dose-dependent depression of the kindled seizure activity (F 3,16 = 224.10, P < 0.0003; Figure 6 ) and the percent severity of seizures was significantly reduced by 70% (for 0.1-0.3 mg/kg) and by 80% at 1 mg/kg [ Figure 6 ]. Figure 7 presents the effect of treatment with SNE and baclofen on the motor coordination using the rota-rod method. The administration of SNE, 30 minutes after the initial zero reading, produced no significant difference between the vehicle-treated and 10 and 100 mg/kg doses during the 2-h period of the experiment. SNE 1000 mg/kg, however, produced a significant reduction (88.75%, F 3,16 = 34.54, P < 0.0001; Figure 7a ) in the time spent on the rota-rod at 24 rpm over the 2-h period decreased by analysis of the AUC also revealed a similar trend [ Figure 7b ]; 1 mg/kg baclofen, a reference muscle relaxant, produced no significant effect on the skeletal muscle, whereas 10 mg/kg produced a significant depression of 87.5% (F 2,12 = 5.908, P = 0.00164; Figure 7c ). An analysis of the AUC showed the same effect [ Figure 7d ].
Rota-rod test
Lipid peroxidative assay in PTZ-kindled rat brain homogenates
SNE (100-1000 mg/kg -1 ) dose dependently inhibited lipid peroxidation in the PTZ-kindled rats, whereas diazepam (0.1-1.0 mg/kg) gave an opposite effect [ Figure 8 ].
Discussion
The outcome of this study provides evidence that the hydroethanolic extract of the whole plant of S. nodiflora possesses anticonvulsant and possibly sedative effects and impairs motor coordination in murine experimental models. The effectiveness of the plant's extract in the convulsion paradigms used suggests that the herb can be used in both petit and grand mal types of epilepsy. [18] The study revealed that SNE inhibited PTZ-induced seizures. The PTZ test represents a valid model for human generalized and absence seizures. [19] PTZ has been used experimentally to study seizure phenomenon and to identify pharmaceuticals that may control seizure susceptibility. The exact mechanism of the epileptogenic action of PTZ at the neuronal level is still unclear, but it has been generally reported to produce seizures by inhibiting gamma-aminobutyric acid (GABA) neurotransmission. [20] Enhancement of GABAergic neurotransmission has been shown to inhibit or attenuate seizures, while inhibition of GABAergic neurotransmission or activity is known to promote and facilitate seizure. Anticonvulsant agents such as diazepam and phenobarbitone inhibit PTZ-induced seizure by enhancing the action of GABA A receptors, thus facilitating the GABA-mediated opening of chloride channels. [21] [22] [23] Postsynaptic GABA A receptors are multiunit complexes with binding sites for the endogenous ligand GABA, benzodiazepines, barbiturates, and other ligands with a central chloride ion channel. [24] Thus, the inhibition of PTZ-induced seizures by SNE suggests that SNE may produce this effect by enhancing GABAergic neurotransmission although it is also possible that it could have done so by depressing glutamate-mediated excitation.
PIC, a GABA A -receptor antagonist, produces seizures by blocking the chloride-ion channels linked to GABA A receptors, thus preventing the entry of chloride ions into neurons. This leads to decreased GABA transmission and activity in the brain. Thus, convulsions arising from PIC are due to the decreased GABA A -receptor-mediated inhibition which tips the balance in favor of the glutamate-mediated excitatory transmission. [21, 25] The ability of SNE to attenuate seizures induced by PIC may possibly be due to an interaction with GABA A receptors and/ or GABA neurotransmission. Phenobarbitone, a reference anticonvulsant, produced similar effects on PIC-induced seizures. Phenobarbitone is known to enhance GABAergic neurotransmission by increasing chloride ion flux through the chloride channels of GABA A receptors. [23, 26] Since SNE mimicked, to a large extent, the anticonvulsant actions of phenobarbitone, it is possible that SNE antagonizes PICinduced seizures by opening the chloride channels associated with GABA A receptors. It is also possible to achieve these effects by suppressing glutamate-mediated excitation but this has to be verified by studying the effects of SNE on pure glutamatemediated excitatory postsynaptic responses in a relevant brain region. Thus, further in vitro studies are needed to unequivocally determine the exact mechanisms by which SNE attenuate these seizures. SNE also showed anticonvulsant effects against PILO-induced seizures. PILO, a cholinergic agonist, is widely used in studies of epilepsy as a model of experimentally induced limbic seizures. [27] PILO-induced seizures and SE produces many alterations in the central nervous system neurotransmission involving significant decrease in M 1 , M 2 , and GABAergic receptor densities. [28] Decreased acetylcholinesterase and increased superoxide dismutase and catalase enzymatic activities in the rat striatum, frontal cortex, and hippocampus have also been reported. [28] There is ample evidence to show that lipid peroxidation levels are increased during the acute period of PILO-induced seizures and SE in adult rats, [28, 29] suggesting the involvement of free radical in the PILO-induced brain damage. This is further supported by the fact that certain antioxidants, such as ascorbic acid, have shown anticonvulsant activity against PILO-induced SE. [29, 30] Thus, the ability of SNE to attenuate seizures induced by PILO in rats could be attributed to cholinergic antagonism at the M 1 or M 2 receptors or increase in GABA and/or its receptor densities or through antioxidant mechanisms. Data from our laboratory (unpublished) indicate that SNE has a marked antioxidant and free radical scavenging effect in vitro. It is thus possible that it used antioxidant mechanisms to attenuate the PILO-induced seizures in rats.
Oral administration of SNE to rats decreased the progression of epileptogenesis induced by PTZ kindling. PTZ-induced kindling is an acknowledged experimental model of human epilepsy and useful for the study of seizure mechanisms. [31] It is associated with cognitive deficit, [32] changes in emotional behavior, [33] and neuronal cell loss in hippocampal CA1, CA3, CA4 structures, dentate gyrus, and the hilus. [34] [35] [36] It has been reported that free radical generation due to increased activity of the glutamate plays a fundamental role in neuronal cell death associated with PTZ kindling in rats. [37] [38] [39] Free radicals have been implicated in a number of seizure models including PTZ kindling [40, 41] and some antioxidants have been shown to be effective in these seizure models. [42, 43] When the production of free radicals increases or the defense mechanism of the body decreases, lipid peroxidation at polyunsaturated sites on biological membranes occurs leading to cell dysfunction. [44] SNE's ability to prevent full kindling by PTZ in rats may be as a result of its ability to inhibit lipid peroxidation and/or scavenge free radicals. This possibility is supported by the in vitro experiments whereby SNE was observed to dose dependently inhibit lipid peroxidation in brains from PTZ kindled rats. Additional in vitro experiments also show that SNE possesses antilipid peroxidation activity and free radical scavenging effects (unpublished data). Thus, it is possible that SNE slowed the progression of epileptogenesis through antioxidant mechanisms. By contrast, diazepam, while slowing the progression of epileptogenesis, did not show any antioxidant properties.
The ability of SNE to significantly reduce the time spent on the rotating rod at 1000 mg/kg suggests that at higher doses the extract impairs motor coordination. The accelerating rota-rod is a valid animal model used to assess the effects of drugs on motor coordination in rodents. [45] Time spent on the rotating rod is presumably affected by both sedation and loss of muscle tone. [46] It is however known that some medications such as benzodiazepines cause a reduction in muscle tone through central mechanisms independent of sedation. [46, 47] Therefore, the effect observed for SNE at 1000 mg/kg could be due to either sedation or centrally mediated muscle relaxation or both. Similar to SNE, baclofen, a GABA B receptor agonist and the reference muscle relaxant used in this study, also significantly reduced the time spent on the rotating bar. [48, 49] Additional experiments in our labs (unpublished data) also show that similar to diazepam, SNE increased the duration of sleep induced by pentobarbitone. Sedation can be induced by activation of GABA A receptors, mainly those containing a 2 -subunits, and most benzodiazepines use this mechanism to produce sedation. [47] This sedative effect thus further strengthens the possibility that SNE may produce its CNS effect by modulating the GABAergic system.
Conclusion
In conclusion, the hydro-ethanolic extract of the whole plant of S. nodiflora possesses anticonvulsant and motor impairment effects in rodents, possibly by an interaction with GABAergic neurotransmission. An antioxidant action may also contribute to its anticonvulsant effects. This study thus lends support to the folkloric use of this plant in Ghana for the treatment of epilepsy. Future experiments will separate, purify, and attempt to identify the chemical entity or entities in the extract that are responsible for the CNS effects of S. nodiflora.
